Primers specific for Escherichia coli O15:K52:H1 were devised based on a novel single-nucleotide polymorphism identified within the housekeeping gene fumC, i.e., G594A. In experiments comparing various reference typing methods, the new primers provided 100% sensitivity and specificity for the O15:K52:H1 clonal group, including 162 diverse clinical and reference E. coli isolates.
The O15:K52:H1 clonal group of Escherichia coli is a globally distributed extraintestinal pathogen, often associated with multi-antimicrobial drug resistance (7, 13, 15, 17, 18, 20, 21) . It first gained notoriety during a community-wide outbreak of drug-resistant urinary tract infections in London, England, in 1986 England, in -1987 . It subsequently was identified among blood isolates in Copenhagen and urine and blood isolates in Spain (15, 17, 21) , where in comparison with other E. coli isolates, it more often infected younger hosts and caused pyelonephritis (21) . A recent survey showed it to be broadly distributed across the U.S. and to preferentially infect humans over animals (13) .
Combined resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, tetracycline, and trimethoprim has characterized the O15:K52:H1 clonal group since its first appearance. Additionally, fluoroquinolone resistance has been detected among isolates from Spain and Iowa (7, 13, 21) . This increases the clinical importance of the O15:K52:H1 clonal group and indicates a need for further molecular epidemiological studies.
To date, identification of the O15:K52:H1 clonal group has relied on O:K:H serotypes or PCR-based genomic profiles as generated by repetitive-element PCR or random amplified polymorphic DNA (RAPD) analysis (7, 13, 17, 20, 21) . Unfortunately, O:K:H serotyping is not generally available, and PCR-based fingerprinting methods suffer from run-to-run, cycler-to-cycler, and interlaboratory variability (3, 9, 23) and subjective interpretation (2, 22, 24) . A more reproducible, objective, and portable diagnostic test for this clonal group is needed. Accordingly, we sought to develop a gene-specific PCR assay for rapid and specific detection of the O15:K52:H1 clonal group, analogous to the recently devised fumC-based PCR assay for E. coli clonal group A (CGA) (11) .
Sequence analysis and primer design. Reference strains for the O15:K52:H1 clonal group included E. coli 29/P (isolated from urine from Barcelona, Spain) (21) and 2P9 (isolated from a urosepsis patient from Seattle, Wash.) (13) . Comparison isolates for sequence analysis (number of isolates, 32) included representatives of several other recognized extraintestinal pathogenic E. coli (ExPEC) clonal groups, including E. coli CGA (8, 14) , plus selected members of the E. coli Reference (ECOR) collection (16) representing all four major E. coli phylogenetic groups (A, B1, B2, and D) and the ungrouped ECOR strains (4) . A partial coding sequence (469 bp) for fumC was determined bidirectionally by using internal primers (11) . Sequences were aligned by using CLUSTAL-X. Trees constructed according to various phylogenetic methods consistently paired the two O15:K52:H1 reference strains as a strongly supported discrete clade that had ECOR strain 44 (phylogenetic group D) as its nearest neighbor and the CGA clade as its next nearest neighbor (11) .
One putative O15:K52:H1-specific single-nucleotide polymorphism (SNP) was identified, i.e., fumC G594A. A reverse primer with this SNP at its 3Ј terminus (5Ј-CCGGAAATCTC CTGT-3Ј, bp 608 to 594) was paired with a forward primer based on an upstream consensus fumC region (5Ј-GCTGCT GGCGCTGCGCAAGCAA-3Ј, bp 456 to 473) and used in PCR with known positive and negative controls.
PCR conditions. Boiled lysates were used as template DNA (12) . Amplification was done using 25-l reaction products containing a 0.6 M concentration of each primer, 0.8 mM deoxynucleoside triphosphates (Sigma), 4 mM MgCl 2 (Applied Biosystems), 1ϫ commercial buffer, 1.25 U of thermally activated Taq polymerase (Applied Biosystems), and 2 l of template DNA. The cycling protocol consisted of the following: 95°C for 10 min, then 25 cycles of 94°C for 30 s, 63°C for 30 s, and 68°C for 3 min, and then 72°C for 10 min. To assess the assay stability, PCR was done with various concentrations of each ingredient and at annealing temperatures from 59 to 67°C.
RAPD analysis. Isolates were defined as O15:K52:H1 if their genomic profiles (8, 14) were indistinguishable from those of the O15:K52:H1 reference strains according to RAPD analysis using one or more of five primers, selected from among decamers 1247, 1254, 1281, 1283, and 1290 (1).
Primer validation.
The new fumC primers were tested against 162 E. coli isolates, including 51 putative O15:K52:H1 isolates from diverse locales and 111 putative non-O15:K52:H1
isolates. The latter group comprised geographically and phylogenetically diverse clinical isolates and ECOR strains, including representatives of all four E. coli phylogenetic groups and multiple representatives of CGA ( Table 1 ). The predicted 153-bp band was obtained, in duplicate, with 45 of the 51 positive control strains (estimated sensitivity, 88%) but with none of the 111 negative controls (estimated specificity, 100%).
Further analysis of the six putative O15:K52:H1 isolates that yielded negative fumC PCR results demonstrated that none were actually O15:K52:H1 clonal group members. According to RAPD analysis ( Fig. 1) and fumC sequence analysis (data not shown), three of the isolates proved to be members of a distinct clonal group which, according to published data (13), exhibits the K2 capsular and H18 flagellar antigens, the F7-2 papA allele (rather than F16), and hly (the hemolysin gene; absent from O15:K52:H1 strains) ( Table 1) . Three others, including one that could not be confirmed as O15 and two that were previously serotyped as KϪ and K nontypeable (21), proved to be of diverse (including non-group D) phylogenetic backgrounds. Reclassification of these six isolates as non-O15: K52:H1 improved the fumC assay's estimated accuracy to 100% (100% sensitivity and 100% specificity) ( Table 1) .
Stability and portability of assay. In the primary laboratory (the laboratory of J.R.J.), halving and doubling the concentrations of all reaction mixture components (individually) and varying the annealing temperature from 59 to 65°C had negligible effects on assay results (data not shown). At an annealing temperature of 67°C, no product was obtained.
In a separate laboratory (the laboratory of G.P.), the assay was carried out successfully using newly synthesized primers, separate reagents (deoxynucleoside triphosphates from Roche and polymerase from Bioline), and new lysates. However, an annealing temperature of 58°C was required to obtain a con- Significance. The O15:K52:H1-specific primers we selected based on a newly identified SNP within fumC (G594A) detected clonal group members with extreme precision within a large and phylogenetically diverse strain set. The assay was simple, tolerated diverse PCR conditions, and yielded concordant results between laboratories. It thus should make unambiguous and reproducible detection of the O15:K52:H1 clonal group available to any laboratory, without the well-recognized pitfalls of PCR-based fingerprinting methods (2, 3, 9, (22) (23) (24) .
This study extends our prior work regarding the identification of ExPEC clonal groups using gene-specific PCR assays based on distinctive SNPs within presumably selection-neutral housekeeping genes (11) . Conceivably, this strategy could be applied to the detection of any E. coli clonal group of interest (6, 10, 19) .
Interestingly, the assay identified as non-O15:K52:H1 several isolates that previously were classified as O15:K52:H1. Three of these isolates were known to exhibit distinctive K:H serotypes and/or virulence profiles, which previously had been interpreted as reflecting novel antigenic and pathotypic diversity within the O15:K52:H1 clonal group (13) . Reassessment of these isolates by using RAPD fingerprinting and fumC sequence analysis showed them to be highly homogeneous yet distinct from orthodox O15:K52:H1 reference strains. This showed that they represent a novel O15:K2:H18 clonal group, which confirmed the validity of the O15:K52:H1 fumC PCR assay's negative result. The other three isolates with putatively false-negative fumC PCR results also proved to represent misclassification errors (13, 21) .
Why the assay required a lower annealing temperature in one laboratory than in the other is unclear. Undefined differences in the reagents, which were from different suppliers, or other technical aspects of the assay may have contributed. Assay optimization may be required when the fumC PCR assay is established in a new laboratory.
In summary, we have devised and validated a PCR assay, based on an SNP within fumC (G594A), that provides rapid and specific detection of the epidemic and antimicrobial resistance-associated O15:K52:H1 clonal group of E. coli. The new assay should facilitate future studies regarding the prevalence, distribution, ecology, and epidemiology of this intriguing and enigmatic ExPEC clonal group.
